Metformin ameliorates methotrexate-induced

hepatotoxicity

Najah R. Hadi, Fadhil G. Al-Amran’, Asma Swadi’

Department of Pharmacology, 'Department of Surgery, Medical College, Kufa University, Kufa Najaf street, Najaf, 2Department of
Pharmacology and Therapeutics, College of Medicine, Qadisiyah University, Diwaniyah, Iraq

Research Paper

ABSTRACT

Objective: To study the effect of metformin on amelioration of hepatotoxicity induced by methotrexate.
Materials and Methods: After a 2-weeks of acclimatization period, the animals were randomly separated
into three groups (seven rabbits each), all groups were maintained on standard chow diet throughout the
experiment (8 weeks). Group 1 was treated with normal saline water (control), Group 2 with methotrexate
(MTX, hepatotoxic), and Group 3 with MTX plus metformin. Induction of hepatotoxicity was carried out by
administration of MTX to the rabbit in a dose of 0.25 mg/kg /day i.m. for 8 weeks. Results: The treatment
with MTX to rabbits for 8 weeks resulted in significant changes in serum liver enzymes, as compared to the
baseline group. SGOT, SGPT, ALP, and bilirubin were significantly increased (P < 0.001), while total serum
protein was significantly decreased. Similarly, 8 weeks of MTX treatment produced significant (P < 0.001)
prolongation in PT. PTT was not significantly changed. It was found that serum MDA levels and SOD activity
were significantly increased (P < 0.001), while serum GSH levels were significantly decreased (P < 0.001).
Adding metformin to MTX is found to be significantly (P < 0.001) reduced the liver function test and shortening
of PT and a significant increase in TSP (P < 0.001). Conclusion: It can be concluded that administration
of metformin restored the altered liver function parameters and produced significant improvement in liver
histopathological findings. Therefore, this additive drug possesses hepatoprotection against MTX-induced

hepatotoxicity.
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INTRODUCTION

Liver is the main organ responsible for the drug metabolism and
appears to be the sensitive target site for substances modulating
biotransformation.!! Liver injury caused by drugs and other
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chemicals accounts for approximately 5% of all cases of
jaundice and encompasses a wide spectrum of diseases ranging
from acute and chronic hepatitis to bile duct abnormalities and
neoplasm (oral contraceptive, clomiphene, and carbamazepine
have been associated with hepatic adenomas).??3!

Methotrexate (MTX) is an effective treatment modality largely
used in rheumatoid arthritis, psoriasis, leukemias, and some
autoimmune disorders for more than 40 years.™*> Nowadays it
is also used for sarcoidosis, inflammatory bowel diseases, and
vasculitis and severe refractory asthma.[) With this enlarged
spectrum of clinical use for MTX, its toxicity on the liver
has gained much more importance. Oxidative stress has
emerged as a key player in the pathogenesis of MTX-induced
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hepatotoxicity. The increased generation of reactive oxygen
and nitrogen species, together with the decreased antioxidant
defense, promotes the development and progression of
hepatotoxicity.l”?

Metfomin is regarded as the first-line treatment in type 2
diabetes mellitus (DM). Recently, benefits in the macrovascular
complications of diabetes have been attributed to it. Metformin
offers many advantages over the currently available other oral
antidiabetic drugs.[®”

Metformin can exert a direct vascular anti inflammatory
effect by inhibiting NF-kB through blockade of the PI3K-Akt
pathway, metformin dose-dependently inhibits interleukin
(IL)-1B-induced release of the proinflammatory cytokines
IL6 and 8 in the human vascular smooth muscle cells (SMCs),
macrophages, and endothelial cells. It diminishes IL-1
B-induced activation and nuclear translocation of nuclear factor
Kappa B (NF-kB) in SMCs.

Metformin also leads to overexpression of HO-1 that leads
to protection against oxidative stress-induced apoptosis in
primary hepatocyte in rats.[%1?]

In some studies, the effects of metformin on oxidative stress
have been evaluated and conflicting data were obtained. It
was demonstrated that metformin reduced oxidative stress
while other study showed that it increases oxidative stress.!'*!*!
In other separate research work, the serum levels of total
antioxidant status and MDA were not significantly changed
with metformin treatment.[!>1¢

This study was designed to test the effect of metformin in
amelioration of hepatotoxicity induced by MTX.

MATERIALS AND METHODS

Animals

Twenty-one New Zealand white male rabbits, aged 3—4
months with weight of 1.5-2 kg, were used in the study. All
experiments were approved by the Animal Care and Research
Committee of the University of Kufa, and this investigation
conforms with the Guide for the Care and Use of Laboratory
Animals (National Research Council). The animals were
placed in Kufa Medical College’s animal house. The rabbits
were housed in an isolated room, in a group caging system,
at controlled temperature (25 £ 2 °C) and ambient humidity.
Lights were maintained on a 12-h light/dark cycle. The animals
had free access to water ad libitum.

Drugs

MTX (EBEWE Pharma, Austria) was used in a dose of 0.25
mg/kg/day i.m!'"! and it was given to the rabbits according to
body weight once daily while metformin was used in a dose

of 200 mg/kg/day orally. A 500 mg tablet was dissolved in
DW, and the drug was given to the rabbits according to body
weight once daily through a stomach tube.['!1]

Experimental protocol

After a 2-week acclimatization period, the animals were
randomly separated into three groups (seven rabbits each),
all groups were maintained on standard chow diet (4% fat,
18% protein, 60% carbohydrate, and 4% fibers) throughout
the experiment (8 weeks). Group 1 was treated with normal
saline water (control), Group 2 with methotrexate (MTX,
hepatotoxic), and Group 3 with MTX plus metformin
(Merck Sante s.a.s. 45400 SEMOY-FRANCE). Induction of
hepatotoxicity was carried out by the administration of MTX
to the rabbits in a dose of 0.25 mg/kg /day i.m. for 8 weeks.['”]

Biochemical procedures

From each rabbit, 15 ml of blood were collected from the

heart directly using a disposable syringe. The blood sample

was divided into two parts:

* 4.5 ml of the blood was placed in a tube that contained
sodium citrate (Sun, Jordan), as anticoagulant. The plasma
was prepared via centrifugation at 2500 rpm for 10 min for
determination of prothrombin time and activated partial
thromboplastin time.

e 10.5 ml of blood was placed in a serum tube and left for
30 min. The serum was prepared via centrifugation at
3000 rpm for 10 min and kept frozen at =20 °C (unless
immediately analyzed) and then subdivided in two parts;
one part was used for determination of SGPT, SGOT,
ALP, total protein, and bilirubin and the other part
was subsequently used for determination of oxidation
parameters (SOD, GSH, and MDA).

Histological examination of the liver

All specimens were immediately fixed in 10% formaldehyde
solution. After fixation they were processed in usual manner,
and embedded in paraffin for subsequent histopathological
examination for hepatotoxicity.

Statistics

All data are expressed as mean + SEM. Groups of data were
compared with an analysis of variance (ANOVA) followed by
the Least Significant Difference test. The Mann—Whitney test
was used to identify the difference between two groups. Turkey’s
multiple comparison tests, the statistical significance, strength,
and direction of linear correlation between two quantitative
variables were assessed by Spearman’s rank linear correlation.
Values of P < 0.001 were regarded as statistically significant.

RESULTS

Effect of MTX on liver function
Treating rabbits with MTX for 8 weeks resulted in significant
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changes in serum liver enzymes, as compared to the placebo
group. SGOT, SGPT, ALP, and bilirubin were significantly
increased (P < 0.001), whereas total serum protein was
significantly decreased. Similarly, 8 weeks of MTX treatment
produced a significant (P < 0.001) prolongation in PT. PTT
was not significantly changed [Table 1].

Effect of MTX on serum oxidation parameters

In comparison with the placebo group, MTX treatment
for 8 weeks resulted in significant changes in oxidation
parameters namely serum MDA level, SOD activity, and
GSH level. It was found that serum MDA levels and SOD
activity were significantly increased (P < 0.001) while
serum GSH levels were significantly decreased (P <0.001)
[Table 2].

Correlation between oxidation parameters and liver
enzymes

The three oxidative stress parameters were tested for
association with serum GOT, GPT, and ALP in the overall
experiment, in a quest to explain the treatment effects observed
through changes in oxidative stress parameters.

An increase in serum MDA was found to be associated with
statistically significant mean increase in serum GOT (0f 0.457
U/L), GPT (of 18.486 U/L), and ALP (of 11.873 U/L). MDA
has strong positive correlation with serum GOT (» = 0.652),
GPT (r=0.91), and ALP (» = 0.845).

An increase in serum SOD was found to be associated with
statistically significant mean increase in serum GOT (0f46.032
U/L), GPT (of 0.848 U/L). Serum SOD had the smallest and
statistically insignificant effect on serum ALP. An increase in
serum SOD of 1 U/L was found to be associated with a slight
mean increase in serum ALP 0f4.198 U/L. Serum SOD showed

a strong positive correlation with serum GOT (= 0.847), GPT
(r=10.68), and ALP (r=0.691).

An increase in serum GSH was found to be associated with
statistically significant mean decrease in serum GOT (of 8.567
U/L), GPT (of 7.615 U/L), and ALP (of 4.928 U/L). Serum
GSH had a strong negative (indirect) correlation with serum
GOT (r=-0.767), GPT (r =—-0.879), and ALP (» = —0.82).

Correlation between oxidation parameters and TSP,
bilirubin, and PT

An increase in serum MDA was found to be associated with
statistically significant mean decrease in TSP (of 0.669 g/dL),
increase in serum bilirubin (of 0.753 mg/dL), and PT (of 1.048
s). MDA had a strong negative correlation with serum TSP (»
=—0.716), strong positive correlation with serum Bilirubin (»
=0.838), and PT (= 0.772).

An increase in serum SOD was found to be associated with
statistically significant mean decrease in TSP (of 1.815 g/dL),
and increase in serum bilirubin (of 1.644 mg/dL). Serum SOD
had statistically significant effect on serum PT. An increase
in serum SOD of 1 U/L was found to be associated with
mean increase in serum PT of 2.796 s. Serum SOD showed
a strong negative correlation with TSP (» = —0.783) and a
strong positive correlation with serum bilirubin (» = 0.875)
and PT (» = 0.825).

An increase in serum GSH was found to be associated with
statistically significant mean increase in TSP (of 0.075 g/dL),
decrease in bilirubin (of 0.123 mg/dL), and PT (of 0.354 s).
Serum GSH had a strong positive correlation with TSP (r =
0.648) and a strong negative correlation with bilirubin (r =
—0.764) and PT (r =—0.747).

Table 1: Changes in serum liver enzymes of rabbits treated with MTX and MTX + MET for 8 week

Parameters Groups P value
Placebo MTX MTX + Met
SGOT (U/L) 57.9 +2.38 143.4 + 3.87 55.4 +1.62 < 0.001
SGPT (U/L) 42.4 +1.51 99.7 + 3.66 111.3 £ 41 < 0.001
SALP (U/L) 18.3+0.75 63.4 +4.28 30.4 +0.84 < 0.001
TSP (g/dL) 6.8 +0.34 3.3+ 0.16 6.1+0.18 < 0.001
Bilirubin (mg/dL) 0.5 +0.07 42+0.16 1.9+ 06 < 0.001
PT/s 10.5+0.34 16.8 + 0.58 13.1£0.28 < 0.001
aPTT/s 33.6 + 3.71 35.4 +1.38 35.6 + 1.34 > 0.05

The data expressed as mean + SEM. n = 7 in each group.

Table 2: Changes in serum oxidation parameters of rabbits treated with MTX and MTX + Met for 8

weeks

Parameters Groups P value
Placebo MTX MTX + Met

MDA (mmol/L) 0.36 + 0.05 2.16 +0.18 0.81 +0.07 < 0.001

SOD (U/ml) 1.00 £ 0.07 2.055 + 0.05 1.63 + 0.06 < 0.001

GSH (mmol/L) 5+0.17 1.7+0.18 3.9+0.12 < 0.001

The data expressed as mean + SEM. n = 7 in each group
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Effect of adding metformin on liver function

As compared to the hepatotoxic group, a combination drug
treatment resulted in the following changes in liver function
parameters:

Adding metformin to MTX was found to be significantly
(P < 0.001) reduced GOT (by a mean of 32.143 U/L), GPT
(by a mean of 44.286 U/L), and ALP (by a mean of 33 U/L).
Furthermore, metformin caused a significant (P < 0.001)
reduction in serum bilirubin levels and shortening of PT and
significant rise in TSP (P <0.001) [Table 1].

Effect of adding metformin on oxidation parameters
Adding metformin to MTX was found to be significantly
(P <0.001) reduced serum MDA level (by a mean of 1.354
mmol/L), SOD (by a mean of 0.428 U/ml), and increased GSH
(by a mean of 2.194 mmol/L) [Table 2].

Effect of adding metformin on hepatic histopathology
The histopathological hepatic changes resulting from toxic
insults were graded as mild, moderate, and severe changes
[Figures 1 and 2]. These were tested in seven experimental
animals in each treatment group as shown in Table 3. None
had any abnormal hepatic changes in the placebo group .The
median grade of hepatic changes was significantly different

between all the three study groups. The median was the highest
in the MTX-only group (severe) and the lowest in the placebo
group (no abnormality). Adding metformin to MTX was
associated with a median hepatic change that is significantly
lower than the MTX-only group [Figures 3 and 4].

DISCUSSION

In this study, it was shown that keeping the rabbits on a MTX
treatment for 8§ weeks caused a significant increase in the
levels of bilirubin with significant increase in the activities of
SGPT, SGOT, and ALP, but significant decrease in the levels
of protein. These findings are in agreement with the reports
of other studies.!*2*2!!

The elevation of enzyme activities could be attributed to the
damaged structural integrity of the liver (possibly by oxidative
stress and lipid peroxidation). The lipid peroxidation causes
disruption of the memberane bilayer and cell integrity and
eventually necrosis that leads to leakage of these cytoplasmic
enzymes into the blood.?"

The altered levels of bilirubin and protein are possibly due
to increased production of free radicals. The reduction in the

Table 3: The difference in median histopathological grading of abnormal hepatic changes between

the three treatment groups

Histopathological grading Study group
Placebo MTX only MTX + Met

n % n % n %
No abnormality 7 100 0 0 2 28.6
Mild 0 0 0 0 5 71.4
Moderate 0 0 1 14.3 0 0
Severe 0 0 6 85.7 0 0
Total 7 100 7 100 7 100
Median No abnormality Severe Mild

Figure 1: Photomicrograph of the liver section of normal rabbits (no
abnormality) shows the normal architecture. Stained with hematoxylin
and eosin (x 40)

Figure 2: Photomicrograph of histological liver sections of rabbits
(severe changes shows large area of necrosis) treated with MTX alone.
Stained with hematoxylin and eosin (x10)
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Figure 3: Photomicrograph of the liver section with moderate
histological findings (portal tract dilatation and congestion inflammatory
cell infiltration, sinusoidal dilatation congestion). Stained with
hematoxylin and eosin (x40)

protein concentration in animals treated with MTX for 8 weeks
may be due to disruption in protein structures and formation of
protein adducts with ROS and also the possible involvement
of nephrotoxicity that caused loss of protein through the renal
route.?

In this study, we observed that adding metformin to MTX was
found to produce a significant decrease in liver enzyme activities,
bilirubin level, and shortening in PT and a significant increase
in TSP levels. Consistent with this finding was the observation
of other studiest'®'®#4 which reported that metformin has
no effect on liver function parameters. Concerning oxidation
parameters, the results of this study demonstrated that adding
metformin to MTX significantly attenuated lipid peroxidation
as evident by significant decreases in the serum MDA level.
Also it was found that combination treatment caused a
significant decrease in serum SOD activity and a significant
increase in the serum GSH level. Similar observations were
obtained by others.["*>*! Another previous study!'> has shown
that combination treatment with metformin did not exert any
significant alteration on oxidation parameters. Reduction in the
serum MDA level, SOD activity and increase in the GSH level
in the group supplemented with metformin show a potential
protective effect of metformin against oxidative damage to
the hepatic tissue and improvement in the hepatic antioxidant
enzyme system. A reasonable explanation is that metformin
significantly decreases radical oxygen species production in
cells. This possible antioxidant property of metformin might be
explained by its ability to cause inhibition in JNK activation.
Moreover, metformin might lead to overexpression of HO-1
that leads to protection against oxidative stress-induced hepatic
damage.!'”

Histopathological changes of the group treated with metformin
showed significant improvement in architecture. Although

Figure 4: Photomicrograph of histological liver sections of rabbits
(severe changes shows large area of necrosis) treated with MTX alone.
Stained with hematoxylin and eosin (x10)

necrotic changes were still evident, the severity of the damage
less intense significantly. This appears wise to speculate that
metformin possess hepatoprotection against MTX-induced
hepatotoxicity. The antioxidant properties, antiapoptotic, and
anti-inflammatory effect of metformin were probably the
contributing factors for this hepatoprotection.!'”)
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